This paper analyzes the relation between monetary policy and economic performance in Brazil during the period 1999-2006. In particular, it discusses the growth effects of the inflation targeting regime through its effects on aggregate demand. It is argued that monetary policy under IT reacts in a procyclical and asymmetric way to fluctuations in economic activity (too "tight" during recessions, not so "loose" during expansions). Such pattern may generate a downward bias in aggregate demand, with negative real effects on output growth and employment. Our results suggest that monetary policy has been procyclical and asymmetrical in Brazil under inflation targeting. The main economic policy implication of this study is that central banks should consider more seriously the real effects of monetary policy on output and employment.
economic performance of the Brazilian economy in this decade. That is, it is argued that the way monetary policy has been conducted under the inflation targeting (IT) regime in Brazil brings about an upward bias in interest rates, which harms aggregate demand through different channels and, as a consequence, negatively affects economic growth -at least in the short run. One of the main issues to be addressed in this study is the procyclical character of monetary policy under inflation targeting in developing countries, with liberalized capital accounts and flexible exchange rates. It is argued that not only monetary policy is procyclical under inflation targeting, but also that it is likely to react in an asymmetric way to fluctuations in economic activity and exchange rates (too "tight" during recessions, not so "loose" during expansions). Such pattern generates a downward bias in aggregate demand, with negative long-run real effects on output growth and employment.
Two qualifications to this argument are necessary. First, procyclical monetary policy in developing countries does not occur only under inflation targeting regimes. It is also a feature of countries with fixed exchange rates and open capital accounts, and in which monetary policy is mainly conditioned by international capital flows. Second, this paper does not argue that inflation targeting should not have been adopted by the Brazilian monetary authorities, or that the country would be better off by not adopting the regime. It just explores some important (although often neglected) features of the regime in a specific country where inflation targeting has actually been implemented.
The remainder of this paper is organized as follows. Next section will briefly review the features of the inflation targeting framework in Brazil, and will describe the main transmission mechanisms of monetary policy. Afterwards, the procyclical and asymmetrical nature of monetary policy will be analyzed, and the possible long-run effects on output and employment will be considered. Finally, a specification for testing whether monetary policy has been procyclical and asymmetrical in Brazil under inflation targeting will be outlined, and some results will be presented.
INFLATION TArGETING IN BrAZIL
A growing number of developing countries have adopted the inflation targeting (IT) framework, particularly since the late 1990s. This group includes Brazil, Chile, Colombia, Czech republic, hungary, Israel, Mexico, Peru, Philippines, Poland, South Africa, South Korea, Thailand, and (quite recently) Turkey. The specific details and the circumstances that led to the adoption of the framework vary from country to country. In some cases, the inflation targeting regime was implemented gradually, with the sequential introduction of the mechanisms that formally characterize the framework. In others, it was introduced rapidly, as a response to financial or currency crises that caused the abandonment of previous monetary arrangements and led to the search for new "nominal anchors" for monetary policy. 1 The case of Brazil fits better in the second group. The inflation targeting regime was adopted in mid-1999, a few months after the abandonment of the quasi-fixed exchange rate regime that was the basis of real Plan of stabilization from 1994 to 1998. It was argued at the time that the adoption of floating exchange rates required a new nominal anchor for economic policy, and that the target for inflation would be able to play such role. In addition, it was pointed out by the monetary authorities that low and stable inflation was the primary objective of monetary policy, and that the central bank's attention would be focused on the long-term consequences of short-term policies. Given the widespread belief of money neutrality in the long-run, this is equivalent to say that the central bank would focus on the inflationary effects of monetary policy, and put less emphasis on the its real effects on economic activity.
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An important aspect of monetary policy -and, for the purposes of this paper, of inflation targeting -is the mechanisms through which changes in the interest rate affect the variables targeted by the central bank. In general, such effects are discussed by using structural macroeconomic models that allow for a clear description of how the various macroeconomic variables relate to each other, as well as for simulations of the effects of shocks to exogenous variables. For the Brazilian case, models of this kind are presented in two working papers from the Central Bank research department: Bogdanski, Tombini and Werlang (2000, Working Paper n. 1, henceforth BTW) present a simple four-equation model, and Muinhos and Alves (2003, Working Paper n. 64 , hereafter MA) develop a medium-size structural model. The analysis and simulations from these models may be taken as representatives of the way the central bank analyzes the economy, and as useful guides to the decisions of the monetary policy committee in Brazil under IT. Accordingly, some aspects of these models will also be used in the arguments discussed here.
As it is well known, the primary instrument of monetary policy under IT is the short-term interest rate (Selic, in Brazil) , which is set by the Central Bank following some kind of monetary policy rule. Usually, some variation of Taylor rule is adopted, in which the interest rate reacts (with variable weights) to output gap and to deviations of actual or expected inflation from the inflation target. In a small structural model, the transmission from interest rates to inflation occurs mainly via two channels. The first one is the output gap channel, in which increase in interest rates negatively affect aggregate demand (with a time lag), especially via investment and consumption durables. Such effect causes a widening of the output gap, and decreasing inflation (with a time lag) via the Phillips Curve. For the Brazilian econ-omy, BTW (2000, p. 14) state that "the monetary policy transmission through the aggregate demand channel takes between 6 to 9 months to fully operate".
The second transmission mechanism is the exchange rate channel, in which an increase in interest rates causes an appreciation of the domestic currency, via the uncovered interest parity condition.
3 This, in turn, contemporaneously reduces inflation via a decrease in the price of tradable goods. It is worth noting that, in an open economy, the appreciation of the currency also impacts the economy via the aggregate demand channel, due to a reduction in net exports.
In sum, according to the described transmission mechanisms, the central bank should increase the short-term interest rate whenever expected inflation exceeds the target, and reduce interest rates in the opposite scenario. As I will argue in the next section, such pattern of behavior helps to explain the procyclical character of monetary policy under IT in developing countries.
INFLATION TArGETING AND PrOCYCLICAL MONETArY POLICY IN DEVELOPING COUNTrIES
It is widely recognized that macroeconomic policies in developing countries tend to operate in a procyclical way, and are strongly influenced by international capital flows (Ffrench-Davis, 2003; Ocampo, 2003) . The recent experience of emerging market economies and the financial and currency crises in the 1990s suggest that capital account cycles decisively affect domestic policies and are subject to high levels of volatility and contagion. Moreover, the rapid process of financial liberalization during the last decade seems to have increased the vulnerability of these economies to swings in international capital markets. 4 Concerning monetary policy, it can be shown that a procyclical pattern may emerge in developing countries with liberalized capital accounts under different exchange rate arrangements. In case of fixed exchange rates, the explanation is straightforward, since monetary policy is passive to capital flows (according to basic open economy macroeconomic theory). Net inflows lead to expansionary monetary policy while net outflows lead to monetary contractions. The case of "fear of floating" (Calvo and reinhard, 2002) , in which countries that are considered to have a flexible exchange rate regime do not allow their currencies to fluctuate freely, can also explain procyclical monetary policies.
The case of flexible exchange rates is more interesting for the purposes of this study, since it is more commonly associated to the inflation targeting framework and, in particular, it has been adopted by Brazil when the IT regime was implemented. In this paper, I will make a case that inflation targeting contributes to the procyclical character of monetary policy in emerging market economies with liberalized capital accounts and flexible exchange rates, and apply such reasoning to the case of Brazil. Most importantly, I want to argue that procyclical monetary policies are not only caused by large external shocks or crises, but they are a feature of the regime even under "normal" times and do not depend on the occurrence of significant capital inflows or outflows.
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So, the question to be addressed is: if monetary policy is procyclical under inflation targeting, what mechanisms can explain such behavior? First of all, the fact that country risk perception tends to increase when economic activity slows down. For instance, take the assumption that fiscal revenues depend on value added taxes or other forms of taxation that are sensitive to the level of GDP. In this case, when the economy is hit by a negative exogenous shock -leading to a slowdown in economic activity -fiscal revenues tend to decline. Muinhos and Alves (2003) , in their medium-size structural model for the Brazilian economy, represent such relation as (equation 9, page 14):
( 1) where T T stands for total tax, and Y is GDP. The estimated β i coefficients for the period 1996-2001 are β 1 = 0.464, β 2 = -0.290, β 3 = 0.371, confirming the hypothesis that tax revenues decline in periods of recession.
however, falling fiscal revenues in periods of slow growth are not necessarily accompanied by a decrease in government expenses in the same proportion or with the same speed (e.g., due to "rigidities" in certain types of expenses or to political constraints). Therefore, it is clear that fiscal surplus tend to be reduced (or fiscal deficit tends to be amplified) and this may lead to an increase in country risk premium, given the lower capacity of the country to repay external debt. In other words, there will be an inverse relation between fiscal results and country risk premium. As BTW (2000, p. 23) put it: "The risk premium will respond to the fiscal stance, with any perceived improvement in the consolidated public sector fiscal position reducing the premium accordingly".
In Muinhos and Alves´s structural model, the relation between fiscal results and risk premium is given by (equation 31, page 29):
where SCBond = C-Bond spread over treasury; Res/GDP t = foreign reserves (%GDP); PD/GDP t = public debt (%GDP); CurAc/GDP t = 12 month accumulated current account balance (%GDP).
According to the argument developed above, we could expect an increase in public debt to cause an increase in the risk premium. The estimated coefficient in the model for the period 01:1996 to 12:2001 is positive (0.1360) and significant at 10%, in accordance with our expectations.
The next step to be discussed is the relation between country risk and nominal exchange rates. As the recent experience of emerging markets with flexible exchange rates has shown, an increase in country risk premium may lead to a change in the portfolio of private investors and, consequently, to the depreciation of the domestic currency. Again, following MA (2003), this relation could be described as (equation 30b, page 27):
where (all variables are specified in logs): ε t = real exchange rate; r t = short run real interest rate; r f = foreign short run interest rate; μ t = random error term. For the period 1999-2002, the estimated coefficient A 3 = 16.384, suggesting a strong reaction of the real exchange rate to changes in the risk premium. Depreciation of the domestic currency, in turn, impacts the expectations of inflation in the next periods, due to increase in the price of tradable goods (pass-through). Under inflation targeting, the central bank would react to the rise in actual or expected inflation by tightening the monetary policy (i.e., increasing interest rates), according to a standard Taylor rule such as (MA, 2003, equation 35, page 32) :
where i refers to the interest rate, π is inflation and h is the output gap. In the baseline scenario adopted by MA (2003) for estimations, the γ 2 coefficient (which gives the sensibility of the interest rate to the "inflation gap") is arbitrarily set to 1.3.
The increase in the interest rate in reaction to the rise of inflation would amplify the decline in economic activity by reducing private spending and also affecting public spending (since higher interest rates imply higher interest payments on existing public debt and the necessity to generate a higher primary surplus).
6 To 6 There is a limiting case in which the reaction of the central bank can lead the system to divergent behavior. This happens when the effect of the rise in interest rates on government debt leads to the perception that the debt trajectory is unsustainable and that the government will not be able to honor its payments. In this case, we would observe capital flight, further currency depreciation, leading to further increases in interest rates and so on. This is the classic example of "fiscal dominance", and will not be explored here (see Blanchard, 2004 , for an analysis of fiscal dominance in the Brazilian economy).
summarize: in this example, the initial recession was followed by a restrictive monetary policy which pushed the economy further down -a procyclical monetary policy. In principle, the same mechanism would operate in periods of economic expansion: higher fiscal revenues leading to decrease in country risk premium and consequent appreciation of the domestic currency. Appreciation, in turn, would lead to a decrease in expected inflation, allowing for a fall in interest rates.
I would argue, however, that monetary policy does not operate in a symmetrical way under these circumstances. In other words, the central bank under inflation targeting would in general react more strongly to exchange rate depreciations than to exchange rate appreciations. The reason for this behavior is the weight of inflation stabilization in the central bank's reaction function: when the domestic currency is depreciating, prompt reaction is needed if the inflationary effects of depreciation are to be offset; when the currency is appreciating, the deflationary effects are not counterbalanced with the same intensity, since they may help the central bank to achieve the target for inflation, especially in periods of disinflation or after the economy has suffered negative supply shocks.
In sum, the argument advanced here is that this asymmetric reaction is likely to occur in developing countries under inflation targeting and flexible exchange rates, and may generate an upward bias to interest rates. In addition, this may cause a tendency for the exchange rate to appreciate -as argued by Galindo and ros (2006) , and confirmed for the Brazilian case by the negative and significant coefficient A 2 on equation (3) above -which may bring structural competitiveness pressures to the domestic industry, as we see nowadays in Brazil. This situation characterizes what Bresser-Pereira and Gomes (2006) call the "high interest rate / low exchange rate trap". The final result is a downward bias to aggregate demand -investment, consumption, net exports -which brings about negative effects on output and employment.
It is interesting to note that inflation targeting per se -i.e., the formal mechanism of announcing a target for inflation to guide expectations, the search for increasing transparency by the publication of inflation reports, and so on -is not the main problem. In principle, such framework is also consistent with directing monetary policy toward real objectives like output and employment. As many supporters (e.g., Bernanke et al., 1999) have emphasized, inflation targeting do not imply a rigid monetary policy rule, and provides enough flexibility for the central bank to respond in various directions to changes in the environment. however, the problem is that in practice central banks under inflation targeting tend to place an increased focus on inflation and tend to be less concerned with output fluctuations. As Benjamin Friedman (2002, p. 
7) puts it:
Notwithstanding the compatibility in principle of inflation targeting as a conceptual framework for implementing a monetary policy in which real outcomes matter as well as inflation, an observer who has paid at-tention to the last quarter century of debate about monetary policy is entitled to suspect that a powerful motivation for adopting this framework, at least in some quarters, is the hope that if explicit discussion of central bank's policy is carried out entirely in terms of an optimal inflation trajectory, concerns for real outcomes may somehow atrophy or even disappear from consideration altogether.
In fact, most of the discussion about monetary policy under inflation targeting is devoid of any explicit reference to real outcomes, except for the recognition that increase in interest rates may cause a decline in aggregate demand in the short run, and this is one of the channels through which monetary policy may affect inflation. Mishkin (2002) provides a theoretical rationale for central bank behavior under inflation targeting and argues that "too much focus" on output fluctuations in discussion of monetary policy is likely to produce worse outcomes for output and inflation. This argument is based on two elements: (i) monetary policy that responds actively to output fluctuations tend to be suboptimal, since it is hard to measure output gap, and its theoretical concept is controversial; (ii) "language which stresses output goals can make a central bank's communication strategy less effective and can thereby weaken monetary policy credibility" (Mishkin, 2002, p. 1) .
There is also empirical evidence that shows that central banks have become more focused on inflation after adoption of inflation targeting. Cecchetti and Ehrmann (1999) compare central bank behavior in 23 developed and developing countries, and find that inflation targeters exhibit increasing aversion to inflation variability and decreasing aversion to output variability. Moreover, they show that inflation targeting countries were able to reduce inflation volatility at the expense of an increase in output variability. Minella et al. (2003) estimate a reaction function for the central bank of Brazil, and show that the monetary authority has strongly reacted to inflation expectations. At the same time, it is interesting to note that the coefficient on output gap is not statistically significant in most of the specifications.
In summary, it is clear that inflation targeting regimes imply a strong emphasis on inflation stabilization, with low concerns for real effects on output and employment. As discussed before, such central bank behavior may generate a procyclical and asymmetrical pattern in monetary policy and deepen economic contractions, especially in emerging market economies with liberalized capital accounts. In the next section, I will develop a specification for testing the hypotheses of procyclical and asymmetric monetary policy, and present some results for the Brazilian case (1999) (2000) (2001) (2002) (2003) (2004) (2005) (2006) .
PrOCYCLICAL AND ASYMMETrIC MONETArY POLICY IN BrAZIL: AN EMPIrICAL ESTIMATION
To the best of my knowledge, only a few studies provide empirical estimates on the procyclical character of monetary policy in Latin America. Calderon and Schmidt-hebbel (2003) analyze a panel of eleven emerging market economies over the period 1996-2002 (annual data) . Their findings suggest that the cyclical character of monetary policy depend on country risk premium: policy is procyclical when country risk is high and countercyclical when it is low.
Costa e Silva (2004) provides a test for procyclical monetary and fiscal policy in Argentina, Brazil, Chile and Mexico using annual data for the period 1970-2000. The focus of his study is the influence of capital flows on macroeconomic policy and the feedback effect of policy on capital flows, and no particular attention is given to inflation targeting. Costa e Silva (2004) finds that monetary policy has been procyclical in three of the four countries analyzed, and that it has been correlated to the fluctuations of international capital flows.
In this paper, I analyze the procyclical and asymmetrical character of monetary policy under inflation targeting by estimating the relation between economic activity and interest rates. In other words, I want to evaluate how monetary policy has responded to fluctuations in output, especially in the downturn of the cycle. Since it is also expected that interest rates affect economic activity, this study will use a Vector Autoregression (VAr) model, in order to allow for these feedback effects. In structural form, the model can be written as: 
where r represents short term real interest rates (deflated by consumer price index, IPCA), y corresponds to the level of output, and X are the control variables, namely, changes in oil prices (to capture supply shocks) and in US interest rates (to capture changes in international liquidity). 7 In this case, a negative sign for the parameters a 1j would suggest that monetary policy follows a procyclical pattern, that is, the central bank tightens monetary policy in periods of declining economic activity.
On the other hand, by separating periods of expansion and contraction, I intend to assess the asymmetrical character of monetary policy, and verify whether the monetary authorities in Brazil have responded in different ways in the various phases of the business cycle. This task will be accomplished by creating two dummy variables: (i) GOOD, which takes the value 1 in periods when GDP is above a linear trend and 0 otherwise, and (ii) BAD, which is symmetrical to GOOD. By multiplying the dummy variables to the rates of growth in the three economies, I create two separate series describing "good times" and "bad times", and then proceed to estimate whether or not monetary policy has responded differently to booms and recessions. In this case, the resulting equations are: 
I have estimated the outlined model for the period when inflation targeting has been fully implemented in Brazil (1999 Brazil ( -2006 , using monthly data. The seasonally adjusted Industrial Production Index, from IBGE, was used as proxy for GDP. The real interest rate was calculated using the annualized Selic rate (montlhy averages), from the Central Bank of Brazil, deflated by the consumer price index IPCA, also from IBGE.
Before proceeding to the estimation, I checked for stationarity of the series using the Augmented Dickey-Fuller (ADF) test, and the null of unit roots was rejected at 5% for all series. In addition, the choice of lags for the endogenous variables in the VAr was based on the Schwarz Information Criterion, which tends to be parsimonious in terms of lag lengths. SIC was also used for the choice of lags of control variables.
For the most part, the estimation results provide support for the arguments presented here. In the case of Brazil, the negative coefficients on GDP growth in equation (5) suggest that monetary policy has been procyclical under inflation targeting (see Table 1 .1 and Graph 1.1 in Appendix). The results regarding the asymmetric behavior of monetary policy are also in line with what was expected. Policy has been procyclical in good and bad times, but the estimated coefficients are higher and are only significant for the latter, suggesting that the central bank reaction tends to be stronger in bad times: "too tight during contractions, not so loose during expansions" (Table 1 .2 and Graph 1.2, Appendix).
Overall, the results presented here suggest that the inflation targeting regime in Brazil may bring about an upward bias to interest rates, with negative consequences to aggregate demand, given the asymmetrical reaction of the central bank to the business cycle.
As it is well known, the real effects to aggregate demand are usually not con-sidered to affect growth rates in the long run, when monetary policy is regarded as neutral by assumption. In MA (2003), for instance, long-run neutrality is assumed by imposing restrictions on the coefficients as to guarantee a vertical Phillips Curve in the long run. however, it is acknowledged in the model that higher interest rates will affect investment and "a lower level of investment will cause a decrease in the growth rate of the capital stock, affecting potential output growth" (MA, 2003, p. 7) . This result also appears in the simulations of the model, when alternative Taylor rules with different weight coefficients are compared. In this case, the more aggressive monetary policy is -higher weight in the "inflation gap" -the lower is GDP growth (for the first three years or so). Therefore, although the negative effects on GDP suggested by the analysis presented here refer mainly to short run effects, there seem to be good theoretical and empirical reasons to argue that such effects may last for a long time 8 . In this case, there seem to be a trade-off between inflation and unemployment that go beyond the short run, which makes restrictive monetary policies more problematic than what the conventional view on money neutrality would acknowledge.
CONCLUSIONS
This paper has discussed the real effects of monetary policy on GDP in Brazil, since the implementation of the inflation targeting regime. The main question under consideration here is whether or not monetary policy reacts in a procyclical and asymmetrical way to economic activity. The paper suggests that such behavior is likely to produce an upward bias in interest rates and a consequent downward bias in aggregate demand, and bring about negative effects on growth rates, at least in the short run.
An empirical model has been estimated to evaluate monetary policy in Brazil during the period 1999-2006. The results suggest that monetary policy has been procyclical and asymmetric in Brazil, so that it can be described by the expression "too 'tight' during contractions, not so 'loose' during expansions". In this case, it can be argued that monetary policy under inflation targeting has been detrimental to aggregate demand and growth.
The results described here partly confirm the findings of Costa e Silva (2004) who used annual data during the period 1970-2000 to find a procyclical monetary policy in Brazil. On the other hand, they do not conform to the results of Calderon and Schmidt-hebbel (2003) , who found a correlation between country risk premium and the response of monetary policy to GDP growth.
I conclude this paper by making a few comments about further avenues for empirical research that would help to clarify some of the issues not resolved here. First, the sample can be expanded to include other developing countries in Latin America and elsewhere which adopted the inflation targeting framework. Second, more research on the relation between interest rates, exchange rates, and GDP growth is welcome. The work of Galindo and ros (2006) presents a promising avenue in this direction by estimating the asymmetric response of monetary policy to exchange rate movements in Mexico. The authors show that the inflation targeting framework has contributed to the appreciation of the real exchange rate, and this has had contractionary effects on output in the long run. 9 A similar analysis could be applied to Brazil, since a quick look at the data suggests that the exchange rate has appreciated during the period under analysis, despite the peaks observed due to the uncertainty regarding the presidential election in 2002.
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Another concluding comment relates to the theme of aggregate demand and growth. It seems that the empirical analysis made in this paper does not provide a response to whether long-run output growth has been affected by monetary policy under inflation targeting. The idea that aggregate demand -and monetary policy, in particular -can influence growth in the long run has been extensively discussed in economics in recent years, and several channels through which demand affects growth have been identified 11 . This issue is not analyzed here, but our results suggest that long-run growth may have been affected in Brazil, if one accepts the assumption that growth is demand-led. Even if this is not the case, the very existence of imperfections and rigidities in the economy may make the adjustment process long enough for the effects on the real side of the economy to be relevant. Thus, one of the main contributions of this study is to point out to potential negative real effects of inflation targeting that are usually neglected in the IT literature, simply because of the assumption that aggregate demand fluctuations are irrelevant to long-term outcomes.
Finally, if it is true that monetary policy is procyclical and asymmetric under inflation targeting, and if it is accepted that demand changes can have long-lasting effects, the main economic policy implication of this study is that central banks should consider more seriously the real effects of monetary policy. In particular, the analysis would imply that the trade-off central banks face is not only between inflation and short-run output losses, but between inflation and long-lasting growth effects. Notes: P stands for procyclical; C for countercyclical; * indicates significance at 10% or less; t-statistics in parentheses. .00
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